Abstract. Stress measurements to 2.1 km reveal stress changes with depth that cannot be explained by an elastic response to uniform crustal strain. The data at about 1 km depth suggest that the stress is limited by the frictional strength of rock and is perturbed at greater depths by faults which intersect the borehole. The stress data indicate that there is little or no right-lateral shear stress acting on planes parallel to the San Andreas Fault.
Introduction
In this paper we present the results of stress measurements at Cajon Pass, California to a depth of 2.1 km. The measurements were made in two holes 50 meters apart. In 1985 we used a small USGS drilling rig to make measurements of stress and temperature in an exploratory well drilled by the ARKOMA Production Company. Drilling of DOSECC hole at Cajon Pass was begun in 1986. We describe here in in situ stress measurements made in the ARKOMA hole at depths between 0.9 to 1.3 km and in the DOSECC hole at depths between 1.8 and 2.1 km.
Experimental Overview
Many investigators have contributed to the development of hydraulic fracturing equipment and test procedures that minimize the chances for test failures. As a result, when we are confident that anomalous data is not caused by a system problem, we can interpret the data in terms of the response of a fracture propagating in the in situ stress field. In the tests made in the DOSECC hole, mechanical pressure gauges mounted below the packer system were used to measure pressure in the isolated interval, in the inflatable packer elements, and in the hole below the packers. Temperaturecompensated quartz pressure gauges and a strain-gauge type of pressure transducer were mounted at the surface in a manifold used to control the fluid flow to the well head. Each type of gauge has advantages and disadvantages so a combination of gauges was needed to meet the requirements of the experiment. Two flow meters were used to measure flow into the well and two flow meters were used to measure flow back from the well. A schematic diagram of the hydrofrae system is shown in Figure 1 .
Automated air-driven valves were used in the manifold system for precise control of borehole pressurization. pressure from a previous frac attempt exceeded the strength of the packer system we selected zones with pre-e•sting fractures.
The packer system was lowered to the test interval on highpressure tubing. The pipe tally was checked with a four-conductor wireline system lovered through the tubing to the packer system. In most cases the wireline was the same system that was used to run the prefrac televiewer logs so we could tie the pipe tally depth to the depth scale of the televiewer records. The wireline system carded a plug, or dart, which seated in a port near the top of the packer system to dose the fluid path to the interval between the two packers. With the dart in place, pressure applied to the tubing inflated the packers. The wireline was sealed at the surface with a rubber packoff system and pressure was applied to the tubing to attain the desired inflation pressure, between 7 and 35 MPa depending on the antidpated breakdown pressure and least horizontal stress. The •ts A variety of pressure-time records were obtained in these experiments depending on the conditions encountered. In this section we will illustrate the variety of data types with three examples.
Example A (Figure 2A We note that the element pressure dropped significantly (about 6 MPa) indicating a slow leak in the packer elements. However, From these observations we condude that either a fracture formed at the time of the packer inflation or that the rock has low tensile strength. We take the average of the three frac opening pressures as a reasonable estimate of Pb(T = 0) and the average of the three shut-in pressures as an estimate of the least horizontal stress. We hope that the discussion of these three examples will give the reader a sense of the quality and variety of the data and some of the problems in interpretation. We believe that the values we present here (T•ble 1, Figure 3 ) represent a reliable estimate of the least horizontal stress. The greatest horizontal stress is subject to larger error but we believe that these values are a good indication of real changes of the stress field even though their absolute magnitude is less certain. We estimate the uncertainty in Shmin to be less than 1 MPa and the uncertainty in SHm&x to be less than 5 IV[Pa.
There are three general observations about the data presented in Figure 3 and Table 1 
